Abstract -The reaction of aryl isoselenocyanates (1a-d) with 4-diethylamino-3-butyn-2-one (6) in refluxing tetrahydrofuran afforded Narylselenet-2(2H)-imines (7) in moderate yields. The structure of the stable 4-bromophenyl derivative (7b) has been established by X-Ray crystallography. A stepwise cycloaddition via an intermediate zwitterion (A/A¢) is proposed as the reaction mechanism. In boiling tetrahydrofuran, the selenetimines (7) are in equilibrium with ketenimines (B), which were intercepted by amines to give 2-(diaminomethylene)-3-oxobutane selenamides of type (8).
INTRODUCTION
In the last few years, the attractivity of selenaheterocycles has increased remarkably because of their interesting reactivities 1 and pharmaceutical applications 2 (see also lit. cited in ref. 3 ). As many syntheses of selenium-containing heterocycles involve the use of toxic selenium reagents, which are often difficult to handle, new synthetic approaches are of high interest. Recently, we have shown that isoselenocyanates are convenient precursors for the introduction of selenium into heterocycles. [3] [4] [5] [6] They are easy and relatively cheap to prepare, safe to handle, and less toxic. For example, aryl isoselenocyanates (1) react with 3-amino-2-chloropyridine (2) to give selenazolo[5, 4-b] pyridines (3), 3 and with the 2-chloroquinoline derivative (4) Recently, Yoo et al. reported on the reaction of isothiocyanates with ynamines, which led to four-membered thiet-2(2H)-imines via a formal [2 + 2] cycloadditon. 7 With the aim of preparing the analogous selenaheterocycles, we investigated the reaction of 4-diethylamino-3-butyn-2-one (6) with aryl isoselenocyanates (1).
RESULTS AND DISCUSSION
Heating of a solution of equimolar amounts of aryl isoselenocyanates (1a-d) and 4-diethylamino-3-butyn-2-one (6) in tetrahydrofuran (THF) under reflux led to the disappearance of 1 within two hours (TLC). Evaporation of the solvent and treatment of the oily residue with a mixture of ethyl acetate, petroleum ether, and methanol gave yellowish crystalline solids, which were identified as 3-acetyl-N-aryl-4-diethylaminoselenet-2(2H)-imines (7a-c) (Scheme 2) on the basis of their elemental analyses and spectroscopic data. For example, 7b shows strong IR absorptions (KBr) at 1703, 1629, and 1564 cm -1 for C=O, C=N, and C=C bonds, respectively. In the 1 H-NMR spectrum (CDCl 3 ), the diethylamino group absorbs as two broad signals for two CH 2 N (4.27 and 3.38 ppm) and a triplet at 1.31 ppm (J = 7.1 Hz) for two Me groups. In the 13 C-NMR spectrum, the C=O group appears at 186.1 ppm, which is characteristic of a vinylogous amide structure. The sp 2 -C atoms of the four-membered ring (C(2)-C(4)) absorb as singlets between 161.1 and 112.5 ppm together with the C-atoms of the benzene ring. Again, the CH 2 N groups of the diethylamino residue show two triplets at 53.5 and 49.3 ppm, whereas the two Me groups absorb as a quartet at 14.2 ppm. In the case of the 4-methoxyphenyl derivative (7d), the product could not be crystallized and remained as an intractable glue. The selenet-2(2H)-imines (7) are formal [2+2] cycloadducts of the starting materials (1) and (6), but it is most likely that they are formed by a two-step mechanism (cf. also ref. 7 ). The push-pull substituted alkyne (6) undergoes a nucleophilic addition onto the isoselenocyanate (1) to give a zwitterionic intermediate of type A/A¢ (Scheme 2). Ring closure between the Se atom and the keteniminium moiety leads to the formation of the selenete ring.
When solutions of 7 in THF were treated with morpholine or cyclohexylamine at reflux temperature, 2-diaminomethylene-3-oxobutane selenamides (8) and (9), respectively, were obtained in moderate yields (Scheme 3). In the case of the 4-methoxyphenyl derivative (7d), the crude material obtained from the reaction between 1d and 6 was used directly. The structures of the 1:1 adducts are supported by elemental analyses, mass spectra, and 13 C-NMR spectra. Surprisingly, the IR spectra (KBr) do not show a C=O absorption, indicating that the products exist in an enolized form, e.g. 8¢ and 9¢. In the 1 H-NMR spectrum, the singlet at ca. 14.5 ppm is in agreement with an enol structure involved in an intramolecular hydrogen bond.
A reaction mechanism for the formation of 8 and 9 is proposed in Scheme 3. Electrocyclic ring opening of the selenetes (7) leads to the ketenimines of type B. Then, nucleophilic addition of amines with these reactive intermediates gives the observed adducts, for which several enol structures are conceivable. In conclusion, we have shown that aryl isoselenocyanates (1) undergo a formal [2+2] cycloaddition with the ynamine (6) to give selenet-2(2H)-imines (7) in analogy to the reaction involving isothiocyanates, which leads to the corresponding thiet-2(2H)-imines. 7
EXPERIMENTAL
General remarks. See ref. 5a IR spectra in KBr (cm -1 ), NMR spectra at 300 ( 1 H) and 75.6 ( 13 C)
MHz in CDCl 3 (ppm), and CI-MS with NH 3 (m/z (rel.%)).
Starting materials. The aryl isoselenocyanates (1a-d) were prepared according to the protocol described in ref. 8 To a stirred solution of the corresponding N-arylformamide (40 mmol) in dry toluene (100 mL) in an ice bath, Et 3 N (16.2 g, 160 mmol) and Se black powder were added.
Then, phosgene (30 g of a 20% solution in toluene, 60 mmol) was added slowly within 30 min.
An exothermic reaction took place. After complete addition, the suspension was heated under reflux for 8-10 h (TLC control). The mixture was filtered and washed with several portions of toluene, the filtrate was concentrated and fractionated (SiO 2 column) using hexane as the eluent. Phenyl isoselenocyanate (1a): 8 X-Ray Crystal-Structure Determination of 7b (see Table 1 and Figure 1) . 13 All measurements were made on a Nonius KappaCCD diffractometer 18 using graphite-monochromated MoK a radiation (l 0.71073 Å) and an Oxford Cryosystems Cryostream 700 cooler. The data collection and refinement parameters are given in Table 1 and a view of the molecule is shown in Figure 1 .
3-Acetyl-N-(4-chlorophenyl)-4-diethylaminoselenet-2(2H)-imine (7c
Data reduction was performed with HKL Denzo and Scalepack. 15 The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method 16 was applied. The structure was solved by direct methods using SIR92, 17 which revealed the positions of all non-hydrogen atoms. One of the N-ethyl groups is disordered over two conformations. Two positions were defined for the atoms of this group and the site occupation factor of the major conformaton refined to 0.709 (6) . Similarity restraints were applied to the chemically equivalent bond lengths of the disordered region. Neighboring atoms within and between each conformation of the disordered group were also restrained to have similar atomic displacement parameters. The non-hydrogen atoms were refined anisotropically. All of the H-atoms were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for the methyl groups). Refinement of the structure was carried out on F 2 using full-matrix least-squares procedures, which minimized the function Sw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied. Neutral atom scattering factors for non-hydrogen atoms were taken from ref. 18 , and the scattering factors for H-atoms were taken from ref. 19 Anomalous dispersion effects were included in F c ; 20 the values for f ' and f " were those of ref. 18b The values of the mass attenuation coefficients are those of ref. 18c All calculations were performed using SHELXL97. 21 
